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Chapterr  7 

Objectt  identification 

Inn this chapter we wil l discuss how the different physics objects used in this analysis 
(electrons,, jets and neutrinos) are identified in the detector. 

7.11 Electrons 

7.1.11 Electron reconstruction and variables 

Electronss are reconstructed from information from the calorimeter and tracking sub-
detectors.. This typically proceeds in two stages; a cluster is formed in the calorimeter, 
andd subsequently confirmation is sought from the tracker. 

Calor imeterr  reconstruct ion 

Att the reconstruction stage, an EM cluster is defined as a set of towers in a cone 
off  radius R — \JArf + A(p2 — 0.4 which have a minimum transverse energy of 1.5 
GeV.. Among all reconstructed clusters, genuine EM showers produced by electrons 
orr photons are expected to have a large EM fraction /RM = EE\i/Etot, where EEw is 
thee cluster energy in the EM section of the calorimeter and Etot is its total energy 
withinn the cone (the EM fraction of a cluster can be greater than one because of 
thee noise subtraction used on the calorimeter cells). In addition, genuine EM showers 
shouldd have a longitudinal and lateral development compatible with that of an electron. 
Eachh cluster is attributed a \cai (a^so called 'H matrix') based on the comparison of 
thee energy deposited in each layer of the EM calorimeter with average distributions 
obtainedd from Monte Carlo simulation1. 

'Thee variables used in the calculation of \2Cal are: energy fractions in EMI, EM2, EM3 and EM4, 
twoo cluster sizes in EM3 (one in the Q direction, and the other in the direction perpendicular to 0 in 
thee EM3 plane), 1 0l og£, and z%.ertcx(e)/zw, where ~u, = 28 cm is the z width of the vertex distribution. 

file:///JArf
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Electronn candidates are selected by requiring that 

/ E MM > 0.9 and x
2
Cal < 20 (8 d.o.f.) . (7.1) 

Wee additionally require that the cluster is isolated: 

,, _Etot(R<0A)-EEM(R< 0.2) ^ A i . 
; i s o ""  EEil(R< 0.2) < U 1 ° ' ( 7 l 2 ) 

Cent ra ll  track conf irmatio n 

Thee electron reconstruction in the calorimeter suppresses a large portion of the QCD 
backgroundd contamination. However, due to the overwhelming nature of this back-
ground,, the additional rejection of a matching central track has typically been required. 
Thiss also rejects photons, in which we are not interested for this analysis. 

Forr each EM cluster candidate and each available track, a x2- defined as 

22 (^^\ f^z\ ( ET/PT — ^ 

**"-*"* == W+ [T.) + \-^r)  (7-3) 
iss computed. In these expressions: 

 5if (resp. 5z) denotes the difference between ip (resp. z) of the track impact at 
thee third EM layer and (f (resp. z) of the center of gravity of the cluster position 
measuredd therein; 

 ET/PT is the ratio of the measured transverse energy of the cluster to the mea-
suredd pr of the track; 

o,j,o,j, az and aE/p are the root-mean-square (RMS) of the experimental distributions 
off  the three associated quantities (ö<p, 5z and ET/pT — 1). 

AA cluster is matched when the condition Prob(x'EM t̂Tack, Ndof) > 1% is met by at 

leastt one track. If more than one track meets this condition, the one with the highest 

Prob{xProb{xEMEM-track>-track>NNdof)dof) is selected. 

Likel ihoo dd conf irmatio n 

Thee confirmation of an electron through the presence of a central track is a power-
full  technique. However, in seeking to reduce the background further one may take 
advantagee of further pieces of available information. 

Forr this analysis, we wil l replace the step of track confirmation with a likelihood-
basedd confirmation which has the advantage of taking into account more pieces of 
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information,, and which provides characterization of both the background and the signal 
shapes. . 

Further,, we will extract the discrimination in the ET/PT variable directly as part of 
thee likelihood, rather than including it in the EM-track match x2 quantity. This frees 
uss from assuming that the distribution is Gaussian, and allows us to take advantage of 
ourr knowledge of the shape of the background as well. Thus, the likelihood will include 
sixx quantities: 

 \og(Prob{x2spatial)), where 

* -- = (£)'+(£)' : CM, 
 ET/PT, described above; 

 H matrix or xhah described above; 

 EM fraction, or /EM, described above; 

 Distance of Closest Approach (DCA) measures the shortest distance of the se-
lectedd track to the line parallel to the z axis which passes through the primary 
vertexx position; 

 Track isolation (AR2) measures the distance in R to the track second closest to 
thee EM cluster, with the assumption that the closest track is likely to be due to 
thee passage of the electron. 

7.1.22 Sources of background 

Ass discussed in [111], the predominant sources of background to reconstructed elec-
tronss are 7r° showers with an overlapping track from a charged particle and photons 
convertingg to e+e~ pairs. Without a measurement of the energy loss, dE/dx, it is 
difficultt to separate these two components of the background2. 

Inn terms of the variables defined above, photon conversions may be marked by 
thee presence of a second track extremely close to the EM cluster, and a large ET/pT; 
theirr calorimeter quantities, however, would be nearly identical to that of an electron. 
Asymmetricc conversions would give a nearly irreducible background as the second 
electronn may be very soft. 

22 It should be possible to study the behavior of both components separately by looking at Monte 
Carloo events. In practice, this is hard due to the very small probability of having a fake electron in 
ann event. 
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Neutrall  pions may also have nearby tracks, as they are produced in association with 
otherr charged hadrons; if the track and the EM cluster arise from separate objects then 
theirr ET/pT would not tend to be ono and their track matching would be poor. Their 
XcaiXcai and /uu may be worse due to the surrounding hadrons. 

7.1.33 Likelihood formulation 

Wee begin with an empirical description of typical distributions 

P(x\sig),P(x\bkg) P(x\sig),P(x\bkg) 

inn a vector of variables x for signal and background objects, respectively. Assuming 
flatt prior distributions, we can describe 

PsPs!y!y(x).P(x).Pbkgbkg(T)(T) . 

Wee further make the simplifying assumption that P is uncorrected in x (see Figure1 7.1) 
soo that 

P(x)P(x) = Y[P{xi). 

Too select between objects that are likely to be signal and those that are likely to be 
background,, we form a simple discriminant: 

D(x)D(x) Pst9iJ) 

PPS1S1g{*)g{*)  + Pbkyi*) 

7.17.1 A Likelihood performance 

Datasett  definit ion s 

Wee construct two typical samples, one enriched in electrons and the other in back-
ground.. We do this for both the central ( | ^| < 1.1) and endcap (1.5 < \i] D\ < 2.5) 
calorimeterss and treat these separately. The region in between (1.1 < |r//;| < 1.5) is 
nott used, because the coverage of the EM layers is incomplete there, resulting in very 
feww electron candidates in this region. 

Thee electron sample is selected from Z -» ee events, requiring: 

 2 EM clusters, each with: 

PrPr > 20 GeV, 

XX
22caicai < 2 0 , /E M > 0 . 9 , /i s o< 0 . 1 5; -- v? 
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Figuree 7.1: Correlations between selected variables used in the construction of the 
likelihood,likelihood, for the central calorimeter signal (left) and background sample (right). Dis-
tributionstributions are shown only for those electrons which have a track candidate (as defined 
inin the text). 
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Sample e 

Signal l 

Background d 

CC C 

77% % 

6% % 

EC C 

63% % 

15% % 

Tablee 7.1: Efficiency to have an associated track candidate for signal and background 
samples,samples, in the central and endcap calorimeters. Because these are rough indications 
thatthat should be recalculated in the actual sample used, no errors are given. 

 80 < Minv(e,e) < 100 GeV. 

Thee background sample is selected from EM+jet events, which are dominated by QCD 
di-jett and 7+jet events by requiring: 

 Exactly 1 EM cluster, with: 

-- pT > 20 GeV, 

-- Xc«i<20,/EM>0.9,/i 8O<0.15; 

 $T < 15 GeV, $T is defined in Section 7.3; 

 Exactly 1 jet, with pT > 15 GeV; 

 AR{e,jet) > 2.5 . 

InIn both samples, we require that the EM object be associated with a track candidate. 
Thiss association is made to the track with the largest Prob(x2

EM_track,Ndo}) which 
satisfiess an initial selection3: 

\&4>EM,track\\&4>EM,track\ < 0.05, |&nEM,track \ < 0.05 . (7.5) 

Thee efficiency to be associated with a track candidate is given in Figure 7.2 for both 
thee central region and the endcap calorimeters, and summarized in Table 7.1. After 
thiss requirement each of the samples (signal/background, CC/EC) has between 500 
andd 3000 EM clusters. 

Centrall  Calorimeter 

Inn the central calorimeter, we restrict the EM clusters to \nD\ < 1.1. Distributions of 
thee six variables are given in Figure 7.3 for both signal and background samples. These 
distributionss are used to construct the individual probabilities P(x;) with which the 
jointt probability P(x) and the discriminant D(x) are built. Each of the variables shows 
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Figuree 7.2: The top left and top right plots show all electron candidates and those for 
whichwhich an associated track is found, for signal and background samples respectively, as 
aa function of detector n. The bottom plot shows the corresponding track association 
efficiencies. efficiencies. 
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Figuree 7.3: Distributions of variables used in the likelihood for central calorimeter 
signalsignal and backgrounds samples, as defined in the text. Distributions arc shown only 
forfor EM objects which have a track candidate. 
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Figuree 7.4: Distribution of the discriminant D{x) for central calorimeter signal and 
backgroundbackground samples, as defined in the text. The discriminant includes the information 
ofof all variables. 

somee discrimination between the two samples. The distribution of the discriminant 
D{x)D{x) built of all variables is shown in Figure 7.4 for both signal and background 
samples. . 

Byy varying the cut on the discriminant, both the signal and background efficiency 
change,, giving curves in the signal/background efficiency plane. These curves are 

'Thee typical resolutions for &(j>EM,track and &T)EM,track for r e a' electrons are 0.008 and 0.007 
respectively. . 
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Threshold d Signall  Eff. Backgroundd Eff. 

Centrall  Calorimeter 

D>D>  0.15 

DD > 0.40 

97% % 

84% % 

50% % 

25% % 

Endcapp Calorimeter 

DD > 0.06 

DD > 0.40 

96% % 

88% % 

20% % 

10% % 

Tablee 7.2: Sample selection points and their efficiencies, assuming an associated track. 
BecauseBecause these are rough indications that should be recalculated in the actual sample 
used,used, no errors are given. 

shownn in Figure 7.5 for discriminants using different combinations of variables. A 
simplee likelihood which contains only the information regarding the spatial matching 
andd the ET/pT performs just as well as the track matching based on the X%M-track 

quantity,, with a small improvement in performance at very high efficiencies. Using 
thee full information available in the six variables, we achieve a marked improvement in 
backgroundd rejection at a given electron efficiency. Note that the signal and background 
efficienciess assume an associated track, the efficiency for which is given in Table 7.1. 

Wee compare the performance of the likelihood to that of cutting on the variables 
directlyy by performing a random grid search over cuts on the six likelihood variables. 
Figuree 7.6 shows that the likelihood provides superior performance. 

Wee investigate the discriminating power of each individual variable by comparing 
thee discrimination achieved by the full likelihood to that achieved by the likelihood 
constructedd without that variable. Figure 7.7 shows that each variable, with the ex-
ceptionn of xlpatiaii contributes unique discrimination. That x%auai doesn't contribute 
iss surprising, because Figure 7.3 shows some discrimination for this variable. This 
cann probably be explained by the fact that other variables (DCA and ET/PT) contain 
informationn about the quality of the track match. 

Exampless of selection points for the likelihood discriminant and resulting signal and 
backgroundd efficiencies are given in Table 7.2. 

Endcapp Calor imeter 

Inn the case of the endcap calorimeters, we restrict ourselves to the region 1.5 < \T]D\ < 

2.5.. Figures 7.8 and 7.9 show the variables and the signal and background efficiencies. 
Notee that the signal and background efficiencies assume a candidate track, the efficiency 
forr which is detailed in Table 7.1. See Table 7.2 for examples of selection points. 
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0.9 9 
signall  efficiency 

Figuree 7.5: Signal and background efficiencies in the central calorimeter for likelihoods 
usingusing different combinations of variables (Cal means that the calorimeter variables 
/EMM  &nd Xcai a r e included in the likelihood). The curves are produced by varying 
thethe thresholds of the discriminants. Note that the signal and background efficiencies 
assumeassume a candidate track, the efficiency for which is detailed in Table 7.1. 
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Figuree 7.6: A comparison of the performance of the track matching, the likelihood and 
aa grid search in the central calorimeter over the six likelihood variables. 

7.1.55 Likelihood topological dependence 

Thee construction of the likelihood and its efficiency measurements have been conducted 
onn electrons from the decay of the Z. This likelihood discriminant has potential ap-
plicationn to other analyses, in which the topology of the event may be very different. 
Wee examine the topological dependence of the signal efficiency at a fixed discriminant 
threshold.. Figure 7.10 shows that the efficiency is fairly stable as a function of jet 
multiplicity ,, track multiplicity and electron pT and nD. 

7.1.66 Calorimeter reconstruction efficiency 

Thee efficiency for finding an EM cluster for an electron in the central calorimeter (the 
reconstructionn efficiency) is measured in data. This is done because the Monte Carlo 
descriptionn of energy deposits in the cracks between the CC calorimeter modules is 
knownn to be unreliable. 

Wee measure this reconstruction efficiency by selecting a Z ^ p e sample, where one 
off  the electrons (the tag side) is required to be found as an electron with a track match, 
andd for the other electron (the probe side) we just require that we find a track. We 
thenn find the reconstruction efficiency by counting in how many events the track can 
bee matched (in <ƒ>) to an EM cluster. The background to the Z events is taken into 
accountt by comparing like-sign and unlike-sign electron pairs. Further cleanup of the 
backgroundd is achieved by number of hits requirements on the tracks, and a significance 
cutt on the S- (and thus the charge) measurement. 
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Figuree 7.7: Signal and background efficiencies in the central calorimeter for varying 

thresholdsthresholds of the discriminants, where information from an individual parameter is 

removedremoved in order to probe its individual discrimination power. Note that the signal 

andand background efficiencies assume a candidate track, the efficiency for which is detailed 

inin Table 7.1. 
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Figuree 7.8: Distributions of variables used in the likelihood for endcap calorimeter 
signalsignal and backgrounds samples, as defined in the t ex t Distributions are shown only 
forfor EM objects which have a track candidate. 
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Figuree 7.9: Signal and background efficiencies in the endcap calorimeter for likeli-
hoodshoods using different combinations of variables. The curves are produced by varying 
thethe thresholds of the discriminants. Note that the signal and background efficiencies 
assumeassume a candidate track, the efficiency for which is detailed in Table 7.1. 
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Figuree 7.10: The dependence of the signal efficiency in the central calorimeter on a 
numbernumber of topological variables, given a fixed cut on the discriminant. 
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Figuree 7.11: (a) Invariant mass of EM-track pairs, for both like-sign and unlike-sign 

pairs,pairs, (b) The reconstruction efficiency as a function of the modulo of 0(track), see 

mainmain text for explanation. 

Figuree 7.11(a) shows the invariant mass for both the like-sign and unlike-sign EM-
trackk pairs. It clearly shows the wide Z peak (because of low pT resolution for high pr 
tracks)) and the low amount of background. 

Usingg a narrow mass band for the Z (80 — 100 GeV), we find a reconstruction 
efficiencyy of 95.5  0.7% for the CC. For comparison, the MC gives a reconstruction 
efficiencyy of 98.8  0.3%. The measured reconstruction efficiency does not depend on 
thee 2 position of the electron in the calorimeter (and thus not on rj). In the CC, there 
aree small cracks in the 4> direction between the calorimeter modules. The effect of 
thesee can be seen in Figure 7.11(b), where we plotted the efficiency as a function of 
(0(track)) + 0.1) mod TT/16, which basically means that all 32 <j>  modules are overlaid, 
andd the crack should show up at 0 = 0.1. No background subtraction was used for this 
plot. . 

Becausee there is a slight dependence of the measured reconstruction efficiency on 
thee mass band used, we assign a 2% systematic uncertainty to the measured number. 
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Figuree 7.12: Invariant mass of EM pairs, without and with calorimeter cluster selec-
tiontion cuts on the probe electron. For both distributions the tag electron has passed 
calorimetercalorimeter selection and likelihood cuts. 

7.1.77 Electron selection efficiency 

Thee electron selection efficiencies are computed using electrons in the Z —• ee sample. 
Onee of the electrons is used for tagging purposes, and the other (probe electron) is 
usedd to evaluate the efficiency. The tag electron is required to pass calorimeter cluster 
selectionn and likelihood cuts, so that the sample has little background. The cut under 
studyy is then applied to the probe electron. The number of probe electrons that 
survivee this cut gives (after background subtraction) the efficiency for this cut for real 
electrons.. As the systematic uncertainty on this number we take the difference between 
threee methods of estimating the background in the Z —> ee sample, one using sidebands 
andd the others using linear and exponential fits. We use this method to measure both 
thee cluster selection and the likelihood efficiency. 

Too give an indication of the statistics available in the Z sample, in Figure 7.12 we 
showw the EM pair invariant mass for all events (which pass the requirements on the 
tagg electron) and those events where the probe passes the calorimeter cluster selection. 

Calor imeterr  c luster  se lect ion 

Thee fraction of electrons satisfying the calorimeter cluster selection cuts (xcai < 
20,, / E M > 0.9, / i s o < 0.15) is 

e IDD = (87.7  0.7 stat  1.1 syst) % (7.6) 

-11 ! without 
with h 

J l jj ! iJ I hi 
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>== 0 jets 

>== 1 jets 

>== 2 jets 

CC C 

82.11 8 stat 1 syst 

79.22  1.8 stat  1.0 syst 

73.88 3 stat  6.0 syst 

EC C 

82.99  1.2 stat  0.6 syst 

81.77 2 stat  2.0 syst 

91.99 5 stat  8.7 syst 

Tablee 7.3: The efficiency (in %) for electrons that have an associated track to pass the 

discriminantdiscriminant cut. 

inn the CC and 

eeww = (97.2  0.5 stat  1.3 syst) % (7.7) 

inn the EC. 

Likel ihoo d d 

Thee likelihood requirement consists of two parts, the first is the requirement that 
thee EM candidate is associated with a track, and the second part is the likelihood 
discriminant44 cut itself. The efficiency for an electron to pass both requirements is 

eLHH = (72.2  0.8 stat  0.9 syst) % (7.8) 

inn the CC and 

eLHH = (53.2  1.3 stat  0.2 syst) % (7.9) 

inn the EC5 . We are also interested in the efficiency for just the likelihood discriminant 
cut,, because in the next chapter we will define a sample of loose electrons as those that 
passs the calorimeter cluster selection criteria and have a track associated with them, 
andd a sample of tight electrons as the ones that also pass the discriminant cut. We 
needd to know the efficiency for electrons to go from loose to tight, which basically is 
thee efficiency for electrons (that have a track associated) to pass the discriminant cut. 
Thiss efficiency is shown in Table 7.3. There is no significant dependence on the number 
off jets, which was already shown in Figure 7.10. 

4Wee have chosen a cut of D > 0.4. This point was chosen such that the efficiency of the likelihood 
iss the same as that of the central track confirmation, which was used in a previous version of this 
analysis. . 

5Thee efficiencies found here are slightly lower than the ones given in Tables 7.1 and 7.2. This is 
becausee those efficiencies were derived on the sample that the likelihood was trained on, where the 
efficienciess given here are derived from the full data sample. 
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7.1.88 Electron energy corrections 

Thee energy lost by electrons in the material in front of the calorimeter (solenoid and 
preshower)) has been studied using a detailed simulation. It is parameterized as a 
functionn of 77 and electron energy. This parameterization is used to correct the data. 

Energyy corrections for the energy lost in the (f> cracks between the CC modules are 
alsoo applied. 

7.22 Jets 

7.2.11 Jet reconstruction 

Jetss are reconstructed at DC) using the improved legacy cone algorithm [112] designed 
followingg the recommendation of the Run2 QCD workshop. 

Inn the first step of this algorithm, energy deposits are segmented in towers of 0.1 x().l 
inn // x (p. If the transverse energy of a tower is above 0.5 GeY. it is used as a seed for 
thee precluster stage, in which preclusters are formed with a cone size of RpTf.,iustfr — 
y/Arfy/Arf22 + A<f>2 = 0.3. 

Inn the next step, all preclusters with ET > 1 GeV in a cone of size R are combined 
too give the starting points of the final jets. The direction of these starting' points is 
givenn by the ET weighted average of the r) and 0 of the preclusters. 

Next,, the energy deposited within a cone of size R around these starting points is 
accumulated,, and the new (TJ, 0) direction is calculated by Er weighted average of the 
energyy deposits. This step is repeated until the direction of the jets is stable. 

Iff two of these stable jets are separated by more than R but less than 2R. a new 
jett axis is defined at the midpoint of the two jets, which is then used as a precluster 
too try and reconstruct a jet around. 

Finally,, if two jets share more energy than half the energy of the lowest energy jet. 
theyy are merged. If less energy is shared, each of the shared clusters is assigned to the 
closestt jet. 

Forr the cross section measurement in this thesis, a cone size of R — 0.5 is chosen. 

Oncee jets are clustered with the cone algorithm, further quality selection cuts are 
appliedd to each jet. These criteria are aimed at, removing fake jets: 

•• To remove isolated electromagnetic particles a cut on the fraction of energy de
positedd in the electromagnetic section of the calorimeter ( /EM) is applied at 
0.055 < / E M < 0.95. 

•• To remove jets which predominantly deposit their energy in the coarse hadronic 
sectionn of the calorimeter, a cut on the fraction of the jet energy deposited therein 
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(CHF)(CHF) is applied at CHF < 0.4. This cut is essentially aimed at removing those 
jetss which cluster around noise in the coarse hadronic section. 

•• To remove jets clustered from hot cells, a cut on the ratio of the highest to the 
next-to-highestt transverse energy cell in the jet (HotF) is applied at HotF < 10. 

•• To remove jets clustered from a single hot tower, the number of towers containing 
90%% of the jet energy (n90) is required to be greater than one. 

7.2.22 Jet Energy Scale and resolution 

Becausee of non-linearities, dead material, noise and showering effects, the measured 
energyy in a jet cone is not equal to the original particle level energy. Since the Monte 
Carloo simulation may not model these effects accurately, the scale of jets in data and 
inn Monte Carlo can be different. The jet energy scale corrections attempt to correct 
thee measured energy of jets back to the energy of the particles in the jets before their 
interactionn with the detector6. 

Jett energies are corrected using: 

FF , — f) 
T-,T-, '-'measured yy 

^corrected^corrected Try Q • 

Here,, 1Z is the calorimeter response to a jet; it is determined using transverse 
energyy balance in photon+jet events. O is the energy offset due to the underlying 
event,, energy pile-up, multiple interactions, electronic noise, and uranium noise from 
thee uranium absorber. O is determined by energy densities in minimum bias events. 
SS is the fraction of shower leakage outside the jet cone of R = 0.5 in the calorimeter. 
Thiss is determined by measuring the energy profile of jets in photon+jet events. In 
thee analysis in this thesis we use the JetCorr v4.2 [114] package which incorporates 
alll three components of the jet energy scale. It provides corrections for data as well 
ass MC. Statistical and systematic errors are also provided so that we may investigate 
theirr effect on our overall signal and background efficiencies. 

Thee energy resolution of jets in data and Monte Carlo is significantly different. This 
cann be seen in [115], which gives the measured data and Monte Carlo jet resolutions 
forr different // ranges. To correct for this, we smear the Monte Carlo jets such that 
thee resolution after smearing is the same as the resolution measured in data. As an 
example,, the additional energy smearing needed for a Monte Carlo jet with a pT of 50 
GeVV at >i  = 0 is about 8%. 

66 A detailed description of the method applied to data from the 1992-1995 run of the DO experiment 
rann be found in [113]. 
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7.2.33 Rejection of noise jets 

Despitee the numerous quality requirements applied to avoid clustering jets on noise in 
thee calorimeter, a large number of jets are selected seemingly due to noise. These noise 
jetss originate from low energy but high occupancy noise in well confined regions of the 
calorimeter. . 

Ass these jets have their energy more or less evenly spread throughout all their 
towers,, n90 could be used to discriminate them against good jets. But in the case of 
veryy wide jets, for example with soft gluon radiation in the final state, n90 could be 
veryy large as well. To avoid rejecting these jets, a more suitable discriminating variable 
wouldd thus be ƒ90 which is the ratio of n90 and the number of towers that form the 
jet--

Itt was found, however, that n90 (and thus ƒ90) are calculated incorrectly for merged 
jetss in the version of the reconstruction code used in this analysis7. But, doing a LI 
calorimeterr comparison8 helped to demonstrate that many of the high ƒ90 jets in actual 
da taa are fake. Further, it was determined that the number of fakes increases as one 
goess to lower pT or higher coarse hadronic fraction within the high ƒ90 population of 
jets.. Conversely, low CHF jets regardless of ƒ90 value appear to be good jets. This 
studyy is described in more detail in [116]. 

AA two-dimensional selection in two pr bins was determined to effectively reject the 
observedd fake background. We reject all jets that do not satisfy: 

•• if jet pT < 25 GeV: ƒ90 < 0.7 - 0.5 x CHF or CHF < 0.025: 

•• if jet pr > 25 GeV: ƒ90 < 0.8 - 0.5 x CHF or CHF < 0.05. 

7.2.44 Efficiency of noise rejection cuts 

Becausee of our aggressive at tempts to suppress noise problems in the calorimeter with 
thee cuts of Section 7.2.3, we must estimate what efficiency these cuts have for real jets. 
Ass already pointed out, the ƒ90 variable, which is used to qualify jets, is not calculated 
correctlyy for merged jets in the version of the reconstruction code used in this analysis. 

77 Although it is possible to recalculate n90 for each jet, this would be cumbersome because it 
requiress redoing the full analysis. It was thus decided to use the incorrect n90 variable, making sure 
itt is used consistently. 

"Thee energy in the jet is compared with the energy that the trigger readout finds in the jet cone. 
Thee trigger readout is separate from the precision readout and does not suffer from the same problems 
whichh have been observed to produce noise jets. It can therefore be used to identify if the jet is real 
orr fake. Since the gain of the trigger readout is low in the ICD region, the efficiency for identifying 
jetss using this method is low in this region of the detector. But, in other detector regions it can be 
usedd to define pure samples of real and fake jets, which in turn can be used to study fake jet rejection 
cuts. . 



7.33 Missing transverse energy $T 119 9 

data a 

MC C 

all l 

96.6% % 

97.2% % 

CC C 

95.7% % 

96.5% % 

EC C 

97.7% % 

97.8% % 

Tablee 7.4: Noise rejection cut efficiency for jets in photon-hjet sample in data and MC. 

Butt as both the sample on which this efficiency is measured, and the final data sample 
havee this incorrect ƒ90 variable, the final efficiency will be calculated correctly. 

Wee study the efficiency of the noise rejection cuts in a photon+jet sample. The 
selectionn criteria are: 

•• a photon candidate (pr > 15 GeV, Xcai <  20> f EM > 0.9, f\so < 0.15); 

•• a jet with A(j>(-f,jet) > 3.0, \n\ < 2.5, pr > 15 GeV and (in data) a matched L2 

jett (Er > 3 GeV); 

•• $T< 10 GeV, $T is defined in Section 7.3. 

Thesee criteria, including the A</> and L2 requirements, are chosen to minimize the 
presencee of fake jets in this sample. We then measure the efficiency by applying the 
noisee rejection cuts to the jet and measuring what fraction of the jets survives. The 
resultss are given in Table 7.4, and are shown as a function of pr and 77 in Figure 7.13. 
AA similar behavior is observed in both data and Monte Carlo. 

7.2.55 Jet/EM separation 

EMM clusters with a p r of 8 GeV or higher are also reconstructed as jets. If the EM 
clusterr is a real electron or photon, we do not want to use this jet, because it is just 
aa reclustering of the energy in the calorimeter that belongs to the electron. Thus we 
dropp all jets which are within AR of 0.5 of an electron candidate9 with pr > 15 GeV. 

7.33 Missing transverse energy $T 

Evenn with a perfect detector, there will not be energy balance in the plane transverse 
too the beam if there are neutrinos produced in the event. This is because the neutrinos 
aree not observed by the detector. Thus, the presence of a neutrino in the final state 
cann be detected from the energy imbalance of an event in the transverse plane. In a 
reall detector, also the finite detector resolution contributes to this imbalance. 

9Ann EM cluster that satisfies \cai < 2 0 ' /EM > 0.9, /iso < 0.15. 



120 0 Objectt  identif icatio n 

i i 

0.85--

200 40 60 80 100 

pT(jet)) [GeV] 

(a) ) 

II  I  I I  I I 1 —  . . . . I J—  I I I l_ 

-11 0 

(b) ) 

11 2 
??? (jet) 

Figuree 7.13: Efficiency for real jets to survive the noise rejection cuts in data (filled 
circles)circles) and MC (filled and unfilled triangles) as a function of jet pT (a) and n (b). The 
unfilledunfilled triangles are a MC sample of jets with pT < 40 GeV, while the Riled triangles 
areare a sample of jets with pT > 40 GeV. 

Thiss energy imbalance is calculated by taking the vector sum of the transverse 
energiess of all cells (with transverse energy in excess of 100 MeV) in all layers of the 
calorimeterr except for those in the coarse hadronic layer which are treated separately 
duee to their high level of noise. The only cells of the coarse hadronic layer which are 
accountedd for in the aforementioned sum are those clustered within good jets. The 
vectorr opposite to this vector is the raw missing transverse energy vector. 

Thee calorimeter response to electromagnetic particles, such as photons and elec
trons,, is different from that to jets. In events with both electromagnetic objects and 
jets,, this imbalance translates into missing transverse energy. The response of the 
calorimeterr to jets (JES), which has already been used to correct the jets, can also be 
usedd to correct the missing transverse energy. In order to do so, the JES correction 
(limitedd to the response part of such correction) for all good jets is subtracted from 
thee $T vector. 

AA similar correction to the fT is made for the electron energy corrections, which 
weree discussed in Section 7.1.8. This is done by subtracting the corrected transverse 
momentumm of the electrons from the $T vector, where the $T has now been calculated 
withoutt taking the calorimeter cells in account that were used to form the electron 
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clusters.. The resulting quantity is the calorimeter missing transverse energy. 
Ass a muon is a minimum ionizing particle, it will deposit only a small amount of 

energyy in the calorimeter. Its presence can thus also fake missing transverse energy in 
thee calorimeter. The momentum of all muons present in the event is subtracted from 
thee missing transverse energy vector after deduction of the expected energy deposition 
byy the muon in the calorimeter (which are derived from Monte Carlo simulation). This 
givess the final missing transverse energy $T. 
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